Peripheral lymphocytes from healthy pregnant women secrete a mediator protein named the progesterone-induced blocking factor (PIBF) that exerts an immunomodulatory function and contributes to the maintenance of pregnancy in mice. The gene coding for PIBF mRNA has been cloned and sequenced, and now the recombinant human protein is available. The aim of this study was to develop an ELISA test for determining PIBF concentrations in biological samples of pregnant women. We determined urinary PIBF concentrations of 86 healthy nonpregnant individuals and from almost 500 pregnant women by ELISA. During normal pregnancy, the concentration of PIBF continuously increased until the 37th gestational week and was followed by a sharp decrease after the 41st week of gestation. In pathological pregnancies, urinary PIBF levels failed to increase. The onset of labor was predictable on the basis of this test, whether it was term or preterm delivery. In urine of patients with preeclampsia, PIBF concentrations were significantly lower than in normal pregnancy and showed a correlation with the number of symptoms presented. These data, in line with previous in vivo findings, suggest that PIBF production is a characteristic feature of normal pregnancy, and determination of PIBF concentration in urine might be of use for the diagnosis of threatened premature pregnancy termination. diagnostic test, immunology, PIBF, pregnancy, progesterone
INTRODUCTION
In the presence of progesterone, peripheral lymphocytes from healthy pregnant women produce a mediator protein named the progesterone-induced blocking factor (PIBF) [1] . PIBF has been shown to exert an immunomodulatory function both in vitro and in vivo [2] . In mice, PIBF contributes to the maintenance of pregnancy. PIBF isolated from culture supernatants of progesterone-treated mouse pregnancy lymphocytes protects fetuses from resorption induced either by antiprogesterone or by high NK (natural killer) cell activity [3, 4] . On the other hand, treatment of pregnant mice with neutralizing antibodies against the murine PIBF causes resorption of mouse embryos [5] .
PIBF plays a role in the maintenance of pregnancy, most likely by inhibiting NK lymphocytes [5] . By manipulating the intracellular concentration of PIBF in vitro, one can modulate the killing activity of human peripheral blood NK cells [6] . Neutralization of endogenous PIBF activity in pregnant mice by anti-PIBF antibody results in a 70% reduction in the number of viable fetuses, and this is associated with an increased splenic NK activity [5] . Ninety percent of pregnancy loss induced by anti-PIBF administration is corrected by treatment of the pregnant animals with anti-NK antibodies [5] . These data suggest that, at least in mice, PIBF contributes to the success of pregnancy and that the major part of its pregnancy-protective effect is due to its NK inhibitory activity.
The second main mechanism of action of PIBF during pregnancy is the induction of T H2 dominant cytokine response [7] . The secreted PIBF facilitates the production of IL-3, IL-4, and IL-10, while it suppresses T H1 cytokines, such as IL-12 and IFN-␥ both in vitro and in vivo [6, 7] . Neutralization of PIBF by specific antibodies results in a shift toward T H1 in vivo, which is also a characteristic of failed pregnancies [6, 8] . The effect of PIBF on humoral immune responses includes the induction of asymmetric antibody production [9, 10] . This population of antibodies, owing to the presence of a mannose-rich oligosaccharide residue on one of the Fab arms of the molecule, does not precipitate; however, these antibodies might have a blocking effect. The percent of asymmetric IgG was significantly higher in supernatants of hybridoma cells cultured in the presence of PIBF than in those cultured in the absence of PIBF, and there was a positive relationship between asymmetric antibody content of pregnancy sera and PIBF expression on lymphocytes from the same women. Furthermore, blocking of progesterone receptors by RU 486 or neutralizing endogenous PIBF activity by specific anti-PIBF antibodies significantly reduced the production of asymmetric antibodies in pregnant mice [11] .
The abovementioned biological effects of PIBF suggest that it might contribute to the maintenance of a normal pregnancy. Therefore, alterations of PIBF concentrations in biological fluids might indicate the well being of the fetus and the prognosis of pregnancy. Because PIBF is a secreted molecule, it might be present in biological fluids. PIBF has been cloned and sequenced, and now the recombinant human PIBF is available [12] .
The aim of this study was to develop an ELISA test for the determination of PIBF concentration in biological samples of healthy pregnant women as well as in those of women with pathologic pregnancies. 
MATERIALS AND METHODS

Patients
A total of 582 human urine samples were tested. The study was approved by the local ethical committee and an informed consent was obtained in each case. Fifty milliliters of urine samples were collected in the morning and immediately transferred to the laboratory, where they were either immediately tested or aliquoted and frozen. Samples from 319 healthy pregnant and 177 pathological pregnant women (16-42 years old) between the 7th and 41st week of gestation were tested for PIBF concentration by ELISA. Distribution of patients with pathological pregnancies are described in Table 1 . The diagnosis of threatened abortion was based on the presence of regular uterine contractions and vaginal bleeding before the 24th week, whereas that of threatened preterm delivery on regular uterine contractions and progressing cervical dilatation between the 24th and 36th weeks of gestation. Preeclampsia was defined by repeatedly high blood pressure (Ͼ140/90 mm Hg) with or without proteinuria (Ͼ0.3 g protein/24 h) after the 20th week of gestation. Dysmaturity was diagnosed by biometrical ultrasound, based on measurements of biparietal diameter, abdominal circumference, and femur length (Ͻ10 percentile of the corresponding gestational age). The diagnosis was verified and corrected for sex by neonatological examination after birth. Polyhydramnion was diagnosed if the largest diameter of the amniotic fluid window was found to be larger than 4 cm by ultrasonography.
The mean ϩ 2SD of PIBF concentrations in urine samples of 86 healthy nonpregnant volunteers was considered as a threshold level for control (nonpregnant) values.
Antibodies Recognizing Different Forms of the Recombinant Human PIBF
Polyclonal antibodies were generated in our laboratory by immunizing rabbits with a secreted 34-kDa lymphocyte PIBF and the 48-kDa N-terminal part of the human recombinant PIBF [12] . The antibody titers were determined by ELISA using the recombinant human PIBF protein as the antigen and the IgG from immune sera was affinity purified on protein-A or protein-G columns (AP Hungary Ltd., Budapest, Hungary). An aliquot of the antibody was absorbed with the 48-kDa N-terminal part of the recombinant PIBF to be used for testing the specificity of binding on Western blots.
Placental Lysate
One hundred milligrams of fresh human placental tissue was homogenized in 1 ml ice-cold lysis buffer with a glass-potter homogenizer. The homogenate was filtered, lysed on ice (in 100 mM HEPES, 2% Triton-X, 300 mM NaCl, 4 mM EDTA, 0.4 mM phenylmethylsufonylfluoride) for 30 min, and pulse-sonicated three times (3 ϫ 30 sec on ice). The solution was centrifuged at 15 000 rpm for 15 min at 4ЊC, and then the supernatant was collected, immediately frozen, and kept at Ϫ80ЊC until used.
Western Blotting
For the detection of PIBF in lysates of placental cells, amniotic fluid, and urine of pregnant women, 10 g of total protein per sample was separated by 12% SDS-PAGE and transferred to a Hybond ECL membrane (Amersham Biosciences, Budapest, Hungary). The blots were blocked with 5% nonfat dry milk in PBS for 1 h and incubated with antihuman 48-kDa recombinant PIBF antibody (1:500) in PBS containing 1% nonfat dry milk. After the membrane was washed three times with PBS, horseradish peroxidase-coupled anti-rabbit IgG (1:5000; DAKO, Budapest, Hungary) was added and the signal was detected with the ECL Plus Western blotting detection system (Izinta, Budapest, Hungary) according to the manufacturer's instructions.
ELISA Test
Urine samples were either used immediately or stored at Ϫ80ЊC until tested in a competitive ELISA assay, which was performed according to the following. During overnight incubation at 4ЊC, 96-well microtiter plates were coated either with anti-human 48-kDa recombinant PIBF IgG (100 l/well of 2 g/ml) in 50 mM carbonate buffer, pH 9.6 (plate 1), or with human 48-kDa recombinant PIBF (100 l of 0.5 g/ml) in 0.5 M Tris buffer, pH 6.5 (plate 2). For generating a standard curve, recombinant PIBF (1000 to 0.1 ng/ml) in logarithmic dilutions in 0.5 M phosphate buffer, pH 7.3-7.4, was incubated with a standard amount of biotin-labeled antirecombinant PIBF IgG (400 ng) for 60 min at 37ЊC. Urine samples were diluted 1:2.5 and 1:5 and incubated with 400 ng biotin-labeled antirecombinant PIBF IgG in 0.5 M PBS for 60 min at 37ЊC before being added to ELISA plate 1. During the 1-h incubation at 37ЊC, nonspecific binding sites on plate 2 (coated with human recombinant PIBF) were blocked with 200 l of 0.1% BSA, 0.5% gelatin in PBS-Tween. After this incubation step, 100 l standard solutions or the urine samples were transferred from plate 1 to plate 2 and incubated for 1 h at 37ЊC. After washing the plates three times with PBS Tween, 100 l of 1:1000 diluted HRPO (horse radish peroxidase)-conjugated Streptavidine (AP Hungary Ltd., Budapest, Hungary) in 0.1% BSA PBS-Tween was added and plates were incubated for 30 min at 37ЊC. The reaction was developed by adding the substrate OPD (orthophenylene-diamine; Sigma, Hungary) and measured at 495 nm. The reproducibility of the test was evaluated in 10 independent experiments and the results are shown in Table 2 .
Statistics
The two-tailed Student t-test was used if two groups were compared, while analysis of variance was used for multiple comparisons over time or among several treatment groups for statistical evaluation of the data. Differences were considered significant if the P value was equal to or less than 0.05.
RESULTS
Characterization of Different PIBF Isoforms in Normal and Pathological Pregnancies
Urine samples from healthy pregnant women and from women at risk for premature pregnancy termination were analyzed by Western blotting using polyclonal rabbit IgG generated with human 48-kDa recombinant PIBF. Several PIBF forms with different electrophoretic mobility were detected, with estimated molecular sizes of 65, 55, 34, 22, 18, and 10 kDa. The 34-kDa form and the occasional smaller forms were present in urine of healthy pregnant women (37th week of gestation) and to a lesser degree in samples of women postterm. Notably, these isoforms were missing or underrepresented in samples of women in labor, of those women showing symptoms of threatened abortion or threatened preterm delivery, toxemia, or women bearing smallfor-date babies (Fig. 1, A and B) . The specificity of detection was demonstrated by the lack of signal with the immune serum after depletion of the specific antibodies with recombinant PIBF (Fig. 1C) . Based on this experiment, the 55-kDa band invariably detected with all samples was due to nonspecific reaction.
To determine whether similar PIBF forms were present in pregnancy tissues, term placenta and amniotic fluid were also analyzed by Western blotting. Placental lysates and amniotic fluid samples displayed anti-PIBF reactivities that were similar to those found in urine. Interestingly, the 34-kDa form was present only in the placenta and was absent from the amniotic fluid (Fig. 2) .
PIBF Concentrations in Urine Samples from Nonpregnant Individuals and Pregnant Women
To define normal, nonpregnancy PIBF levels, urinary PIBF concentrations of 86 healthy, nonpregnant individuals were determined by ELISA. It was assumed the concentrations follow a log normal distribution. Due to the unreliability of the assay in the low concentration ranges, values less than 0.5 were neglected. The analysis resulted in a mean of 4.43 ng/ml with a SD of 2.23, SEM 1.32, and 95% confidence interval ϭ (2.84 ng/ml, 6.89 ng/ml). To reduce the number of false-positive cases, 14 ng/ml, a value higher than the 95% confidence interval, was considered as a threshold level between control and normal pregnancy values.
The ELISA assay was reproducible, based on the intraand interassay variation that was within 10% in the medium-and high-concentration ranges. At very low concentrations (less than 1 ng/ml), the coefficient of variation % was high (Table 2) .
Altogether, 496 urine samples from pregnant women were tested. Three hundred nineteen of the women had normal pregnancies, while the others showed clinical symptoms of threatened abortion, threatened preterm delivery, or preeclampsia. We found that, during normal uneventful pregnancy, the concentration of PIBF continuously increased from the 7th to the 37th gestational weeks until reaching a maximum concentration of 120 ng/ml. After the 41st week of pregnancy, PIBF concentrations dramatically decreased. In patients with a diagnosis of threatened premature pregnancy termination, urinary PIBF levels failed to increase during pregnancy (Fig. 3) .
The onset of labor was also predictable on the basis of this test; however, the predictive value of PIBF measurement depended on the interval between sampling and the onset of labor. In samples that were taken within 2 days before labor started, PIBF concentrations were significantly lower than in those obtained 7-16 days before labor (Fig.  4) .
In 12 women with term deliveries of small-for-date babies, PIBF concentrations were significantly (P Ͻ 0.05) lower than in normal pregnancy (Fig. 5) . In four cases of polyhydramnion, we detected very high PIBF levels (983.6 ng/ml); however, due to the small number of cases and the high individual variations, the difference from normal pregnancy values was not statistically significant (data not shown).
PIBF Concentrations in Urine Samples from Pregnant Women at Risk for Premature Pregnancy Termination
To assess the predictive value of the test, we determined PIBF concentrations in samples from women who were at risk for premature pregnancy termination based on several clinical signs, such as bleeding, regular uterine contractions, and toxemia)-data were analyzed both prospectively (with regard to the clinical diagnosis) and retrospectively (in view of delivery data). We found that PIBF concentrations were significantly higher in urine samples of women with clinical diagnoses of normal pregnancy compared with women with diagnoses of pathological pregnancies. The percentage of samples with higher than nonpregnant control PIBF concentrations was also considerably higher in the former group (Fig. 6, A and B) . Seventy percent of women with a diagnosis of normal pregnancy and 80% of those who delivered at term demonstrated higher than threshold PIBF levels. On the other hand, only 4% of patients with a diagnosis of threatened premature pregnancy termination and 10% of those who in fact delivered preterm had higher than normal urinary PIBF concentrations (Fig. 6 ).
PIBF Concentrations in Urine Samples from Pregnant Women with Preeclampsia
In urine of patient with toxemia, the PIBF concentrations were significantly reduced compared with healthy pregnant women. However, PIBF concentrations depended on the number of symptoms presented. If hypertension was the only symptom, urinary PIBF concentrations were similar to those in normal pregnancies of similar gestational ages. It was in contrast with patients with two or more symptoms of toxemia who displayed urinary PIBF levels significantly lower than in healthy pregnant women of the corresponding gestational ages (Fig. 7) .
DISCUSSION
This study shows that PIBF concentration in urine samples from pregnant women reflects certain pathological events and is related to the outcome of pregnancy. There is ample evidence that PIBF is relevant for the maintenance of pregnancy and its actions are exerted through immunological mechanisms, such as altered cytokine balance [6, 7] and suppressed NK activity [1, 2, 4] . This is in line with earlier reports on an altered cytokine balance during pregnancy [13] [14] [15] . The originally identified immunologically active PIBF was characterized as a secreted 34-kDa product of pregnancy lymphocytes [1, 2] . It has been demonstrated that several small molecular weight proteins, e.g., oncoplacental proteins [16] , growth factor-related proteins [17] , and cytokines [18, 19] , are filtrated into and can be detected in the urine. We hypothesized that secreted PIBF was likely to be cleared by the kidneys and quantitatively excreted into urine due to its low molecular mass. Therefore, we attempted to use urinary PIBF as a noninvasive marker for predicting premature pregnancy loss and potentially other pathological pregnancy conditions.
In urine samples of pregnant women, we detected several PIBF forms of different molecular weights, among them a 34-kDa protein specifically reacting with antibodies generated with recombinant human PIBF. Notably, this isoform was only present in urine of healthy pregnant women but not in those of women showing symptoms of threatened abortion or threatened preterm delivery.
A search in the cDNA databases revealed that PIBF is present in embryonic tissues as well as in the placenta; thus, the placenta and/or the embryo might express some PIBF isoforms. Indeed, our Western blot analysis showed that both term placental lysates and amniotic fluid contain a 65-kDa PIBF form, whereas the 34-kDa molecule was absent from the amniotic fluid. This might be due to differences in processing or transport of the protein to the various compartments or, alternatively, the 34-kDa form PIBF protein might be secreted by the maternal, but not by the fetal, side. This latter possibility is in line with previous findings demonstrating that PIBF is secreted by activated maternal lymphocytes [1, 2] .
The origin of the different PIBF forms in urine is not defined yet. Recently, we reported that the PIBF cDNA that we identified during cloning of the gene encodes a 90-kDa protein. In resting cells, the full length PIBF has perinuclear localization. Following activation, several smaller molecular weight forms are secreted [12] ; thus, PIBF might appear in the sera and, considering the small molecular mass of certain isoforms, also in the urine. Moreover, this heterogeneity can be the result of degradation or processing of nascent PIBF protein, as well as the reflection of the complex alternative mRNA splicing pattern detected in various cells and tissues [20] .
To detect PIBF quantitatively, we designed an ELISA test using the 48-kDa N-terminal part of the recombinant human PIBF as an antigen and polyclonal anti-human 48-kDa recombinant PIBF antibodies. The PIBF isoform detected by the ELISA has not been identified.
Samples from healthy nonpregnant individuals were used for determining the range of the normal nonpregnancy levels, and the mean ϩ 2SD was considered as the threshold level between control and pregnancy values. To evaluate the predictive potential of PIBF measurement, PIBF concentrations from women with clinically diagnosed normal and pathological pregnancies were analyzed retrospectively, in view of pregnancy outcome. Eighty percent of the women with a normal, uneventful pregnancy and 10% of those whose pregnancies ended in miscarriage or preterm labor had higher PIBF concentrations than control threshold. The sensitivity (defined as the ability to correctly identify those who will deliver preterm) and specificity (the ability to correctly identify those who will not deliver preterm) of the test for predicting pregnancy failure is 90% and 80%, respectively. These data suggest that low PIBF values indicate the onset of spontaneous pregnancy termination. PIBF concentrations in urine of women who were close to labor were analyzed with regard to the interval between sampling and the onset of labor. The percentage of cases with higher than nonpregnancy urinary PIBF levels increased with the interval between sampling and the onset of labor.
Women with toxemia had lower PIBF values than healthy pregnant women. Because PIBF favors a T H2 cytokine response, these women should have a relative T H1 dominance. Rein et al. [21] reported that trophoblast cells from preeclamptic women produce significantly less IL-10 in the third trimester of pregnancy than those from healthy pregnant women, and an excessive T H1 activity has been associated with toxemia [22] . Several studies have shown that the clinical severity of preeclampsia is related to the severity of cytokine abnormalities [23] . PIBF concentrations in urine of toxemic women were related to the clinical symptoms. PIBF levels of women demonstrating hypertension only did not differ from those of healthy pregnant women. In contrast with this, only 33% of women with two or more symptoms had higher than threshold levels. This is in line with earlier observations of Varga et al. [24] , who could not demonstrate an increased peripheral NK activity in the group of preeclamptic patients with a single symptom (hypertension), whereas lymphocytes of preeclamptic women with at least two symptoms showed a significantly increased NK activity. PIBF inhibits NK activity both in vitro and in vivo [2, 5] , and the lack of PIBF results in an increased NK activity [25] .
All the women bearing small-for-date babies had low PIBF values. This suggests that PIBF-related mechanisms relevant for threatened abortion and preeclampsia might play a role in the development of intrauterine growth retardation (IUGR). Bartha et al. [26] have shown an association between increased TNF␣ levels and IUGR. In our hands, treatment of pregnant mice with neutralizing anti-PIBF antibodies resulted in high NK activity of spleen cells and elevated serum and placental TNF␣ levels that was associated with increased resorption rates of embryos. Both TNF␣ levels and resorption rates were corrected by simultaneous PIBF administration. In vitro data from studies with lymphocyte cultures suggest that PIBF counteracts the cytotoxic action of TNF␣ but does not interfere with its production [27] .
To test whether the low values in samples from women with threatened abortion or threatened preterm delivery or those of preeclamptic women could have been due to interference with substance(s) in these samples, high-and low-concentration samples were mixed and PIBF concentration in these mixtures was determined. It is unlikely that high protein concentration or potential pathology-specific substances interfere with the test because mixing high-concentration samples with low-concentration ones still gave high values.
An interesting extension of the use of this assay is its application for cancer diagnosis. Based on our discovery that PIBF is overexpressed by certain human primary tumors and transformed cell lines and, moreover, is secreted by MCF-7 human breast cancer cells [12, 20] , we hypothesized that high PIBF levels in body fluids can be indicative for the presence of malignant tissues. Indeed, this assay described here detected elevated PIBF levels in cancer patients that were correlated with tumor mass and corrected by the removal of the tumor (unpublished results).
In conclusion, the assay developed and used in this study has not been designed to serve as an alternative for hCG or progesterone determination. Insufficient information on PIBF levels in early pregnancy does not allow a conclusion of whether the test is sensitive enough to indicate the establishment of pregnancy. On the other hand, our data suggest that this ELISA test is a useful tool for sensitive determination of PIBF concentration in body fluids. The concentration of PIBF correlates with the positive or negative outcome of pregnancy; furthermore, premature pregnancy termination is predictable by lower than normal pregnancy PIBF values, suggesting that this method predicts problems of immunological origin and can contribute to the diagnosis of preterm pregnancy termination due to immune pathology.
